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RESEARCH MEMORANDUM 
EFFECTS OF LEADING-EDGE DEVICES TRAILING-EDGE FLCLPS 
ON LONGITlTDINAL CHARACTERISTICS OF TWO 47.7' 
SGTEPTBACK WTNGS OF ASPECT RATIOS 5.1 AND 
6.0 AT A RFXNOISS NUMBER OF 6.0 X lo6 
By Reino J. Salml 
An investigation was conducted i n  the Langley 19-foot pressure , 
tunnel t o  determine the effects  of leading-edge stall-control devices 
and trailing-edge flaps on the longitudinal stabil i ty characterist ics 
of a 47.p aweptback wing for  which aspect ratios of 5.1 and 6.0 could 
be obtained by interchangeable wing t i p s .  In  addition t o  t e s t s  of 
various spans of the leading-edge devlces and trailing-edge flaps, the 
effects  of wing fences, roughness, and a fuselage were determined. 
Most of the data were obtained a t  a Reynolds nmiber of about 6.0 X 10 6 
(Mach number of 0 .I&). 
The resu l t s  showed that large improvements i n  the stat ic  longi-  
tud ina l   s tab i l i ty  of the wings could be obtained by the use of lehding- 
edge flaps. The greatest  improvement waa obtained with leading-edge 
f laps  of half-span or  l e s s   i n  conibination with the ehortest-epan 
trailing-edge flaps. A drooped nose also improved the s tabi l i ty ,  but  
i n  most cases it was less effective than the leading-edge flap. 
Increasing the span of the trailing-edge flaps beyond 0.400 semispan 
affected the stability adversely; the destabil izing effect  w a s  greater 
for  the double alotted flaps than the spli t  f laps.  The effects  of the 
leading-edge devices and trailing-edge flaps on the stabil i ty character-  
i s t i c s  were e s s e n t i a l l y t h e  B&UW for  both the aspect ratio 3.1 and 
6.0 Wfngs. The highest values of the maxhum lift coefficient obtained 
on codinat ions which exhibited only very small unstable  variations  in 
the pitching moment were 1.48 f o r  the  codinat ion of  0.400 semispan 
double s lot ted f laps  and 0.475 semispan leading-edge flap8 on the 
aspect ratio 5.1,wing and 1.53 f o r  the conibination of 0.359 semispan 
double s lot ted f laps  and 
aspect r a t i o  6.0 wing. 
0.527 semispan leading-edge flaps on the 
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INTRODUCTION 
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I n  order to increase the range of highly sweptback-wing a i r c ra f t ,  
it becomes desirable to use wings of  large aspect ratio. Reference 1 
points out, however, that highly swept wings of large aspect ratio 
have inherently poor longi tudinal   s tabi l i ty   character is t ics  and, 
therefore, the problem of ins tab i l i ty   in   the  hfgh angle-of-attack range 
must be considered. However, the possibil i ty of eliminating the 
longitudinal  instabil i ty of sweptback wings by means of  leading-edge 
devices has been shown by prevlous investigations, such as references 2 
and 3. Furthermore, the low effectiveness of ordinary spl i t  t ra i l ing-  
edge flaps on highly swept wings indicates the desirabil i ty of investf- 
gating other types of flaps. 
With these considerations in mind, an investigation was conducted 
in   the  Langley 19-foot pressure tunnel t o  determine the effectiveness 
of leading-edge devices and double slotted trailing-edge flaps on two 
wings of  47.7O of sweepback and aspect ratios of  5.1 and 6.0 with 
NACA 64-210 airfoi l  sectfons normal t o  t h e  0.286-chord l ine.  Most of 
the  data were obtained a t  a Reynolds number of  approximately 6.0 x 10 6 
(Mach  number of 0.14). The longitudinal characteristics of the plain 
wings have been previously reported in reference 4. The resul ts  of a 
similar investigation on a 47.5O sweptback wing of  aspect  ratio 3 . 4  
are reported i n  reference 5.  
SYMBOLS 
The moments a re   re fe r red   to  an assumed center o f  gravi ty which is  
located a t   t h e  quarter-chord point of the mean aerodynamic chord 
projected on the plane of  symmetry.  The symbols are defined a6 follows: 
CD drag coefficient (Drag/@) 
'm pitchingaornent coefficient (pitching moment/qSE) 
S wing area 
- 
C mean aerodynamic chord 
C wing chord 
C '  wing chord normal t o  0.286-chord l i ne  
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q dynamic pressure (pV2/2) 
V velocity 
P 
R 
M 
mass density of a i r  
Reynolds nmiber ( p E / p )  
Mach nudoer ( V / a )  
FL coefficient o f  viscosity of air 
a speed of sound 
L/D l i f t -drag   ra io  
S 
a 
distance 
angle of attack o f  roo t  chord l i n e  
En drooped-nose deflection  angle 
A aspect r a t i o  
Subscripts: 
V ver t ica l  
Q glide  path 
h horizontal 
DESCRTPTION OF MODEL 
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The geometric characterist ics of the models are shown i n  figure 1. 
The wings  were constructed from a n  a l l - s t e e l  unswept-wfng model used 
in the investigation of reference 6. The sweepback angle of the 
leading edge was 47.7O, and interchangeable aluminum w i n g  tips gave 
aspect ratios of 5.1 and 6.0 w i t h  corresponding taper  ra t ios  of 0.383 
and 0.313. The wings had NACA 64-210 a i r fo i l  sec t ions  n o m 1  t o  the 
0.286-chord line. The aspect ratio 5.1 and 6.0 wings had 1.32' 
and 1.72O of washout about the 0.286-chord l ine .  The dfhedral angle 
was zero f o r  both aspect ratios. 
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The leading-edge flaps had a constant chord of 3.05 inches 
measured normal to  the leading edge and were deflected down 45' Prom 
the wing-chord plane, measured normal to the leading edge. The drooped 
leading edge was hinged.on the wing lower surface a t  the 16-percent 
chord line. Droop deflections of 20° and 30° about the hinge l i ne  
could be maintained. The various spans of drooped-nose and leading- 
edge f laps  tes ted are  shorn in  f igures  2(a)  and 2(b). 
The trail ing-edge spli t  f laps were made of  -inch duralumin and x 
were deflected 60' about the hinge line. The f lap chord was equal 
t o  20 percent of the wing chord perpendicular to 0.286-chord l i ne  
(fig. 2(c) 1. The double s lot ted f laps  were made of duralumin and s t ee l  
and were deflected 50°, measured i n  a plane normal to   the  0.286-chord 
l ine (f ig .  2(d))  ., The double s lot ted f lap chord was equal t o  25 per- 
cent o f  the wing chord perpendicular t o  0.286-chord l ine,  and the f l a p  
vane had a chord of 7.5 percent of the wing chord. Various spans of 
s p l i t  and 'double s lot ted f laps  were provided, as  shown in f igure 2. 
A amall part of the double slotted flaps at  the center section W ~ S  
omitted because of construction difficulties. 
Several types of fences were used on the model as shown i n  
figures 2(e) and 2(f). The fences which were used i n  confbination with 
the leading-edge device8 were located a t  awing station 5 percent of 
the semispan outboard of the inboard end of  the device. 
The fuselage W&B circular in cross section and had a fineness 
r a t io  of 11.0. An  incidence of 2O was maintained between the fuselage 
center l ine and wing root chord l ine.  
TESTS 
The te-sts were made i n   t h e  Langley 19-foot pressure tunnel with 
t h e   a i r  compressed t o  a pressure of approximately 33 pounds per square 
inch. Figure 3 shows the model  mounted Ln the tunnel. 
The lift, drag, and pitching moment  were measured through an 
angle-of-attack range from -bo through maximum lift. The stall pro- 
gression was determined from observations of wool tufts attached to 
the upper surface of the wing. The roughnese t e s t s  were made using 
standard roughness as described i n  r e  erence 7. Most of the  t e s t s  were 
made a t  a Reynolds nmber of 6.0 x 10 g wfth a corresponding Mach 
number of 0.14, and a f e w  teete  were made a t  a Reynolds number 
of  3 .O x 106 with a corresponding Mach number of 0.07. 
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CORRECTIONS TO DATA 
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The data presented herein have been corrected for air-stream 
misalinement, support t a re  and interference effects, and fo r  j e t -  
boundary effects .  
The jet-boundary corrections for the angle of attack and drag 
coefficient were obtained by a method based on reference 8. Corrections 
t o  the pitching moment due t o  the tunnel-induced dis tor t ion of the WLng 
loading were also determined. The corrections are a s  follows: 
A l l  corrections were added t o  the data. 
RESULTS AND DISCUSSION 
The discussion is  concerned mainly w3th the results obtained with 
the aspect ratio 5.1 wing, inasmuch as  most of  the data were obtained 
with the aspect ratio 5.1 wing (table I) and since the results obtained 
wlth the aspect r a t i o  6.0 wing were very similar. 
S t a t i c  Longitudinal Stabi l i ty   Character is t ics  
The use of moderate-span leading-edge device8 resulted i n  a marked 
improvement i n  s t a b i l i t y  although varying degrees of i n s t ab i l i t y  
’ generally occurred a t  moderate lift coefficients. (See f ig .  4.) A t  
the maximum lirt coeffikient  the  pitching moment would break  either 
stable o r  unstable, depending on the configuration. 
The unstable variations which occurred a t  moderately high lift 
coefficients may, howeer, be considerably reduced on a complete air- 
plane configuration by the   effects  of a hor izonta l   t a i l   ( for  example, 
references 3,  9, and 10). In addition, it was shown that an increase 
i n  the   s t ab i l i t y  was obtained a t   t h e  maxirmrm lift coefficient when the 
tail was located in the optimum position, which i n  most cases was below 
the wing-chQrd plane extended. 
Effects of leading-edge and trailing-edge, f l ap  span on s-i;aBility. = 
A general summary of the effects of variations in the leading-edge and 
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trailing-edge flap span on the s tabi l i ty  character is t ics  i s  presented 
i n  figure 5.  Stabi l i ty  i s  dependent on both the apan of the leading- 
edge flaps and the trailing-edge flaps. The range of epans i s  limited 
for both the leading-edge and trailing-edge flaps for which the 
unstable aerodynamic-center sh i f t   p r ior   to   the  maximum lift i s  l e s s  
than 0.1%. Reference t o  an aerodynamic-center sh i f t  of less than 
0.15E i s  not intended a s  a c r i te r ion   for  judging the stability but was 
a rb i t r a r i l y  choeen t o  a id   in   the  comparison of the various flap 
configurations. 
Figure 6 shows that, with the trailing-edge flaps neutral, the 
greatest reduction in the forward movement of the aerodynamic center 
throughout  the l i f t  range was .obtained with. the  -1eadipg-edge flaps 
ranging in span from 0.375b/2 t o  0.47%/2. For leading-edge f lap  
spans of 0.52’3/2 -or greater, the pitching-moment curves exhibited 
unstable breaks near the maximum l i f t  coefficient. 
.. . 
The effectiveness of the shorter-span leading-edge flaps was 
considerably increased when the shortest-span trailing-edge flaps 
were deflected. (See f igs .  4(b),  7, 8, and 9.) The most favorable 
pitching-moment characterist ics were obtained w i t h  the 0.400b/2 double 
s lot ted f laps  and 0.375b/2 leading-edge flaps, in vhich case the amount 
of forward movement of the aerodynamic center was small and a stable 
moment break was obtained a t  the maximum l i f t .  For leading-edge flap 
spans of 0.525 or greater, unstable moment breaks were obtained a t   t h e  
lnaximum lift for the 0.400b/2 and 0.516b/2 double slotted flaps;  
whereas with the 0.626b/2 double slotted flaps, the pitching moment 
became unstable a t   t h e  maximum lift coefficient regardless of the 
leading-edge f lap  epan. 
The 0.400b/2 sp l i t  f laps  were also more effective in reducing the 
forward movement of the aerodynamic center with the shorter spans of 
leading-edge flaps and increased the range of leading-edge f lap  spans 
t o  0.57>/2 for  which stable moment breaks were obtained a t   t h e  maximum 
lift. The pitching-moment break a t  t h e  maximmu l i f t  was also stable 
for the 0.61&/2 sp l i t   f l aps   i n   cod ina t ion  with the 0.37%/2 and 
0.47312  leading-edge  flaps. (Figs. &(a) ,  -10, 11, and 12.) 
The effects  of the leading-edge and trailing-edge flaps on the 
s tabi l i ty   character is t ics  were not appreciably affected by increasing 
the aspect ratio from 3.1 t o  6.0, except that the unstable variations 
that occurred in the moderately high l i f t -coeff ic ient  range were 
generally larger for the aspect ratio 6.0 wing ( f igs .  13 t o  19) . For 
the ma,jority of the combfnations that exhibited only small unstable 
variations, a eevere vibration a t  the wing t i p s  was encountered. 
Flow obeemtions.-  A visual survey, by means of  a tuft   at tached 
t o  a wooden probe, of the flow over the wlng with the leading-edge and 
I 
? 
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trailing-edge  flaps  deflected showed t h a t  a vortex  originated  at   the 
apex of the wing at a moderately high angle of a t tack and followed the 
leading edge t o  a point just inboard of the inboard end of the leading- 
edge flap, where it turned  into the stream direction and t ra i led   o f f  
the wing. Increasing the angle of attack caused the vortex to tu rn  
into the stream at a wing stat ion  far ther  inboard and  eventually t o  
sweep back from the apex a t  an angle  considerably  greater  than  the 
Leading-edge sweep an$le. As the angle of a t tack was increased, the 
vortex also gradually increased in s i z e  and f inal ly   diss ipated i n t o  
the free stream near the apex. Reference 4 points out that the vortex 
flow also developed on the  wings with the flaps neutral. The stall  
studies based on the behavior of the surface t u f t s  (figs.  20 and 21) 
do not adequately describe the f l o w  over the wing but may be indicative 
of the nature of the f l o w  near the boundary layer. It was observed 
that the inboard boundary of the stalled area,  as  indicated  by  the 
surface tufts, generally coincided with the location at which the 
vortex core turned  into the stream direction. The need fo r  pressure- 
distribution measurements i s  evident i f  the  effects .  of the various 
f l o w  phenomena as  indicated  by  the tuft studies and probe- surveys are 
t o  be  clearly understood. 
The longer spans of the leading-edge flaps permitted unstable 
c breaks in  the  pitching moment near the maxirmrm lift due t o   s t a l l i n g  
at a wing station near the mfdspan of the flaps although, i n  some 
cases,  the instabil i ty was delayed to higher lift coefficients. 
When s t a l l i ng  begins, the adverse effects on t he   s t ab i l i t y  due 
t o  an increase  in  the  trailing-edge flap span may resu l t  from the 
loss of the additional lift due to the flaps, which i s  extended 
farther outboard. Inasmuch as the stall p a t t e r n  i s  l i t t l e  a f f e c t e d  
by the type of trail ing-edge  f lap used, tt may be expected that 
increases i n  the span of the double s lot ted  f laps  will have =eater 
adverse effects on the stabil i ty than similar increases in the spli t-  
f lap  span. 
Effect of drooped nose on stabi1itX.- The drooped nose was 
generally lese effective than the leading-edge flap i n  fmproving the 
s t a b i l i t y  becauee of its i nab i l i t y  to prevent separation over the t i p  
sections (figs. 22 t o  28). This i s  i l l u s t r a t ed  in  f igu re  x) which 
shows the stall  progressions of the wing with 0.516b/2 do-&le s l o t t e d  
f l a p s   i n  combination with the 0.473/2 leading-edge flaps and 
0.475b/2 drooped nose. Figure 20 shows that i n  both cases the 
separation began near the inboard end of the leading-edge devlce; 
but with the drooped nose, t h e   s t a l l  would spread toward the   t ips  
when the angle of  attack was increased, whereas the leading-edge 
' flaps prevented the outboard panel from stal l ing.  Ffgures 25 and .26 
show that ,  in general ,  no large differences in the stabil i ty character-  
i s t i c s  were obtained between the 20° and 30' drooped-nose deflection 
- 
* 
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angles. As i n  t h e  case of the leading-edge flaps, the most favorable 
pitching-moment characterist ics with the drooped nose were obtained 
with the 0.400b/2 trailing-edge flaps deflected (figs. 4(c), 4 ( d ) ,  
and 2 6 ) .  
Effect of fences on s tabi l i ty , -  The fences d i d  not produce 8. 
stable moment curve for  any of  the positions tested on the plain wing, 
although the amount of forward movement of the aerodynamic center m e  
greatly reduced. Figure 29 shows that the greatest reduction in the 
forward shif't  of  the aerodynamic center  obtained  vith  the complete 
fence a t  t h e  0.60b/2 station. Removing the rear 75 percent of the 
fence on the upper surface d i d  not decrease i ts  effectiveness 
appreciably. 
Tuft etudies of the wing with a complete fence showed that  the 
separation would originate near the-leading edge on tke inboard side 
of the fence, whereas the plain wing s ta l led  f i rs t  a t  t he  t i p s .  A% 
a higher angle of attack, the wing with the fence also stalled a t   t he  
t ip;  but the stalled area inboard of the fence also spread farther 
inboard, thus counteracting some of the instabi l i ty  due t o   t h e   t i p  
s t a l l .  
The use of fences with combinations of leading-edge devices and 
trailing-edge flaps usually resul ted in  a s l ight  improvement i n   t h e  
pitching-monient characterist ics & E  shown in f igures  4(c) ,  &(a ) ,  and 30. 
Effects of Reynolde number, roughness, and fuselage interference.- 
The effects  of leading-edge roughness and Reynolds number variation 
were investigated for a stable combination consisting of 0.400b/2 double 
slotted flaps and 0.37%/2 leading-edge flaps ( f i  . 31). A reduction 
in   the  Reynolde number from 6.0 x 106 t o  3.0 X 10 8 caused a gradual 
decreaee i n   a t a b i l i t y  with increasing lift coefficient up t o  moderately 
high lif% coefficients, beyond which a gradual increase in stabil i ty 
occurred up to  the  maximum lift. Figure 31 also shows that the addition 
of standard roughness along the wing leading edge and leading-edge f l ap  
resul ted  in  a similar destabil izing  effect  up t o  moderately high lift 
coefficients, with an increase in   s tab i l i ty   ex is t ing  t o  the maximum 
lift. 
I n  order to determine the effects of localized roughness along the 
leading .edge, eome tests were made on a conibination with 0.61&/2 s p l i t  
f laps and O.k75b/2 leading-edge flaps with roughnese placed on the wing 
leading edge inboard of the leading-edge flap, on the leading-edge f l ap  
only, and on both the wing  and leading-edge flap. With roughness on 
the inboard part of the w i n g  only, the stability at high lift coeffi- 
cients m a  improved ( f ig .  32). This improvement suggests the use of  a * 
leading-edge device t o  induce separation a t   t he  wing root in order t o  
obtain more favorable moment characterist ics.  Roughness on the 
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leading-edge f lap  only had a negligible  effect  on the pitching-moment 
characterist ics as compared with the smooth condition, indicating 
that the surface condition o f  the leading-edge f l ap  does not greatly 
influence i t a  effectiveness. The s t a b i l i t y  i n  the hfgh-lift range was 
s l igh t ly  improved when roughness was applied to both  the wing and flap.  
The fuselage had no appreciable effect on the shape of the 
pitching-Moment CuTves a t   t h e   s t a l l   f o r  any of the configurations 
tes ted (f ig .  33). The fuselage caused a small forward shift in  the  
aerodynamic center for all the  codinat ions tes ted.  
L i f t  Characteristics 
Effect of leading-edge and trailing-edge  flaps on maximum lift. - 
The maximum lift coefficient of the plain wing w a s  increased from 
1.16 (f ig .  6 )  t o  1.22 by the 0.61&/2 spl i t  f lapa (f ig .  12) and t o  
1.43 by the 0.626b/2 double s lot ted f laps  ( f ig .  9). The re la t ive ly  
small increments i n  maximum lift are  to  be expected, however, because 
of the large sweep angle. 
The leading-edge flaps also increased the maximum lift coefficient,  
and a m~xim value of about 1.36 was obtained with the  0~52%/2  leading- 
edge f lap  ( f ig .  6). Figure 34 shows that, for  leading-edge flaps of 
about O.275b/2 or  less ,  no apparent increase i n   t h e  maximum L i F t  was 
obtained. In general, the variation o f  the maximum lift coefficient 
with leading'edge f lap  span was re la t ive ly  independent of the  t ra i l ing-  
edge-flap conffguration. From figure 22 it can be seen that the drooped 
nose also increased the maxim lift coefficient,  a value of about 1.38 
being obtained with the 0.473/2 drooped nose deflected 20°. The 
highest values of  C b  obtained with co&inations for which the 
unstable variations were less than 0.15E were 1.48 f o r  the conibination 
of O.&b/2 double s lot ted  f laps  and 0.473/2 leading-edge flaps 
( f ig .  7),  and 1.43 for  the combination of 0.5OOb/2 sp l i t  f l aps  and 
0.473/2 leading-edge flaps ( f ig .  11) . The highest value of C h x  
measured wa8 about 1.70 f o r  the combination of 0.626b/2 double s lot ted 
flaps and 0.4756/2 leading-edge f laps  on the aspect r a t i o  5.1 wing. 
Increasing the aspect ratio from 5. l  to-6.0 resu l ted   in   s l igh t ly  
higher values of the maximum lift coeff ic ient   for  the configurations 
wLth a stable moment break a t  C hx. Figure 14 shows that a maximum 
lift coefficient of about 1.53 was obtained for the aspect ratio 6.0 - wing with  0.35%/2 double s lot ted  f laps  and 0.526b/2 leading-edge flaps.  
r 
Flap effectiveness at zero angle of attack.-  In reference 2, a 
method of estimating the flap effectiveness of a sweptback wing a t  
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zero angle of attack was presented. The formula used, which was 
revised from reference 11, i s  believed t o  represent the firat-order 
e f fec ts  of sweepback and i s  as follows: 
where 
J factor  depending on aspect ratio, taper ratio, and f lap  
span (reference 11) 
% 
CL calculated  lift-curve  slope of swept wing 
two-dimensional lift increment 
ah 
A angle  of sweep of  quarter-chord l i ne  
Figure 35 shows that the experimental values of &CL were 
sl ightly greater than the calculated values for the sp l i t   f l aps  and 
considerably greater for  the  double slotted flaps.  The reason fo r  
t h i s  i s  not readily apparent; as pointed out i n  reference 2, the 
effects  of sweepback on the  variation  with  f lap span of the lift 
increment due to flap deflection appears t o  be dependent on the type 
of flap considered. The effectiveness of the double s lot ted f laps  
i n  providlng large lift increments at low angles of attack may be a 
mador advantage i n  avoiding extreme nose-up a t t i tudes   in   the  high- 
lift range. 
Effects of Reynolds nmiber, roughness, and fuselage.- The effects  
of low Reynolds rimer and w i n g  roughness were determined fo r  a 
conibination consieting of O.bOb/2 double s lot ted  f laps  and 
0.37%/2 leading-edge f laps  ( f ig .  31). Reducing the Reynolds n&er 
from 6.0 X 10 6 to 3.0 x 10 6 reduced the maximum lift coefficient 
about 0.05. Standard roughness reduced the maxim lift coefficient 
about 0.02. Locating roughness at various positions along the leading 
edge of the conibination with 0.61&/2 s p l i t  flaps and 0.473/2 leading- 
edge f laps  ( f ig .  32) had a relat ively small effect  on t h e   l i f t  charac- 
teristics: The fuselage increased the lift-curve slope sl ightly,  but 
i t s  e f fec ts  on c h x  were amal (fig.  3 3 ) .  
Lift-Drag  Ratios 
The effects of the leading-edge and trailing-edge flaps on the 
drag can be conveniently evaluated from consfderations o f  the lift- 
drag ratios. Inasmuch as the leading-edge devices delay the separation 
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a t   t h e   t i p s ,  it may be expected that the   l i f t -drag   ra t ios  in the 
moderately high-lift range would be  increased  considerably by the 
leading-edge devices. Figure 36 s h o w s  that  both the leading-edge 'flaps 
and drooped nose increased the l i f t -drag   ra t io  of the  plain wing only 
s l igh t ly  f o r  lift coefficients above approximately 0.8. T k  maxlrmrm 
L/D of the   plain wing was reduced considerably by the leading-edge 
flaps,  whereas the drooped nose caused o n l y  a slight decrease in the 
max- l i f t -drag r a t i o .  As also shown i n  figure 36, an increase in 
the leading-edge flap span caused an increase i n  the L/D i n  the 
high-l i f t  range but reduced the maximum value and the values at  l o w  
l if ts .  
The ef fec ts  of the trailing-edge flaps on the l i f t -drag   ra t ios  
are presented in figure 37. The superposed grid showing the gliding 
speed and vertical   velocity may be of help in   ascer ta ining  the  s ignif i -  
cance of  the changes i n  L/D caused by the flaps.  A8 shown i n  
figure 37, the maximum values of L/D were reduced when the t ra i l ing-  
edge f lap  span was increased, but the values of L/D were increased 
in  the  h igh- l i f t  range. T h i s  e f fec t  was evident  for  the spl i t  fUps and 
the do&le s lo t t ed  flaps.  F rom considerations of the gliding speed and 
vertical  velocity,  it becomes evident that the increases in L/D a t  
the high lift coefficients  are of greater significance than the 
reduction of the maxFrmrm valuea o f  L/D i n  the  moderate lift range 
because lower gliding speeds can be maintained for a given sinking 
speed. 
Calculations of the power-off landing-flare characteristics were 
made by the method of reference I 2  and are  presented  in  f igure 38 fo r  
various combinations of leading-edge and trailing-edge flaps. It can 
be seen that superior landing-flare characteristics were obtained f o r  
the configurations with the trailing-edge flaps neutral. With the 
double s lo t ted  and sp l i t   f l aps  in conibination with the 0.47%/2 
leading-edge flaps,  sinking speeds of 23 f ee t  per second were obtained 
at t he   s t a r t  of the flare but heights of 56 and 53 f ee t  were required, 
respectively. When only the 0.47%/2 leading-edge f laps  were used, a 
sinking speed of 16.2 feet per second was obtained a t  the s t a r t  of the 
f l a r e  and an a l t l tude  of 32 fee t  was requfred. The only advantage of 
the trailing-edge flaps was i n  the lower forward speeds obtained a t  
touchdown. These calculations are, however, f o r  power-off landings 
and the combinations with the highest values of C b x  a r e  of prime 
importance for  power-on landings. 
- CONCLUSIONS 
The following concluding remarks are based on the   t e s t s  of two 
47.7O sweptback wings of aspect ratios 5.1 and 6.0: 
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1. Large improvements in the static longitudinal stabil i ty charac- 
t e r f s t i c s  were obtained by the use of leading-edge f laps  w3.th the 
trailing-edge flaps both deflected and neutral. The bee t  s t sb i l i ty  
characterist ics were obtained with leading-edge flaps of half-span o r  
l e s s   i n  combination with the 0.4 semispan trailing-edge flaps. 
2. The drooped nose also improved the s tabi l i ty ,  but  in  most 
cases was less effective than the leading-edge flaps. 
3.  Increasing the span of the trailing-edge flaps affected the 
s t ab i l i t y  adversely. The destabilizing effect was greater for the 
double slotted flaps than for  the split flaps. 
4. The use of wing fences alone d i d  not provide stability, but 
the fences increased slightly the effectiveness of the leading-edge 
device a. 
5. The ef fec ts  o f  the leading-edge and trailing-edge flaps on the 
s tabi l i ty   character is t ics  were essentially the same for the aspect 
r a t io  5.1 and 6.0 wings. 
6 .  The highest values of the maxFmum lift coefficient obtained 
w3th conibimtions that exhibited only very small unstable variations 
were: 1.48 (0.400 semispan double s lot ted flaps and O. 475 semispan 
leading-edge flaps on the aspect ratio 5.1 wine;), 1.43 (0.500 semi- 
span sp l i t   f l aps  and 0.475 semispan leading-edge f laps  on the aspect 
r a t io  5.1 wing), and 1.53 (0.359 semispan double s lot ted f laps  and 
0.527 semispan leading-edge flaps on the aspect ratio 6.0 wing). 
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Figure 1. - Geometry of the 47.7' sweptback wings of aspect ra t ios  5 .I 
and 6.0.  All dimensions are in hches .  
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Figure 2.- Details of leading-edge devices,  trailing-edge flaps, aud fences . used on the 47.7O sweptback wings of aspect ratios 5.1 and 6 .O. 
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Figure 2.- Continued. 
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(a) A s p e c t  r a t i o  5.1 w i n g  with double slotted flaps and leading-edge flaps. 
(b) Close-up showing drooped nose. 
Figure 3.- The 47.7' sweptback wing mounted in the Langley 19-foot tunnel. 
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Figure 4. - Summary of pitching-moment characterist ics of  the 47.7' swept- 
back wing of aspect r a t i o  5 . l w i t h  various combinations of leading- 
edge devices and trailing-edge flaps. R W 6.0 x 10 6 . 
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(b) Double slotted flaps and leading-edge f l a p s .  
Figure 4.- Continued. 
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Pigxe  3 . -  General summary of the effects of leading-edge and trail ing-edge 
f lap  span on longltudinall stability characteristics of a 47.7' sweptback 
,*ring of aspect ratio 5.1. 
s 
. . . . . . . . . .  . .  
I 
I I II I 
(a) CL agaLnlnst a. 
Figure 6 . -  FX?ects o f  leading-edge f lap6 of various spans on the aer0dymd.c 
chractexlstics of a 47.70 sweptback wing of aspect r a t i o  5.1. 
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Ptgure 7.- Effects-of l e  -edge flaps of varioua spans on the aeroayaamic Y characteristics of a 47. sweptback wlng of aspect r a t l o  5.1 with 
0.400b/2 trailing-edge double slotted flaps. R = 6.0 x 106. 
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Figure 8.- W e c t s  of leading-edge flape of various spana on the aemdynmdc 
charactedstics o f  a 47.70 sweptback wing of aspect ratio 5.1 with 
0.516b/2 trailing-edge doublg sLotCed flaps, R = 6.0 X lo6. 
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Figure 9. - Effects o f  leadingedge flaps of various spans on the aeroayllamic 
characteristics of a 47.70 aweptback wing of aspect ratio 5.1 w i t h  
0.626b/2 trailing-edge dmble slotted flaps. R - 6 .o X 10 6 . 
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Figure 11.- Effects of leading-edge flaps of various spans on the 
aerodynamic  characteristics of a 47.70 wing of aspect  ratio 5.1 
with 0.500b/2 trailing-edge  split flaps. R = 6 .O X 10 6 . 
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Figure 11.- Cmtinuea. 
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Figure 12.- Effects of leadingedge flaps of various spans ou the 
aerodyaamic characteristics of a 47.70 sweptback w i n g  of aspect 
ratio 5.1 with 0.6l€!b/2 txalllng-edge s p U t  flaps deflected. 
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Figure 12.- Continued. 
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Figure 13.- Xffects of leading-edge f b p s  of wrioue Spans gn the 
aeroaynamic characteristics of a 47.7O sweptback w i n g  of aspect 
r a t i o  6.0. R = 6.0 x 10 6 . 
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Figure 14.- EHects o f  1ead.ing-edge flaps of various spans on the 
sero-c characteristics of a 47.7' swepttmck wing of aspect 
ratio 6.0 with 0.3pb/2 trailing-edge double slotted flaps. 
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Figure 15.- Effects of leadlng-edge flaps of varioue spms on the 
aerodynamic characteristics of a 47.70 aweptback wing of aspect 
ratio 6.0 vith 0.462b/2 trallhg-edge dauble slotted flap. 
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Figure 16.- Effect6 o f  leadiilg-edge flap o f  various spms an the 
aerodynamic characteristics o f  a 47.70 aweptback wing of aapect 
r a t i o  6 .O nith 0.562b/2 trailing-eage daubla slotted flaps. 
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Figure 17.- Effeccs of leading-edge flaps of various spans on. the 
aerodynamic  characteristics of a 47.7' sweptback wing of aspect 
ra t io  6 .O with 0.359b/2 trailing-edge sp l i t  flaps. R = 6 .O x 10 6 . 
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Figure 17.- Conclukd. 
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aerodynamic  characteristics of a 47.70 sweptback w i n g  of aspect 
ratio 6.0 with 0.449b/2 trailing-edge? spl i t  flaps. R = 6.0 X 10 6 . 
Figure 18 .- Effects of leading-edge flaps of various spans on the 
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Figure 19 I - Cancluded. 
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Ffgure 20.- Effects of var ious  types of leading-edge devices on the - 
stal l ing  character is t ics  of a 47.7O sweptback w i n g  of aspect 
r a t i o  5.1 with 0.516b/2 double s lot ted flaps. -R = 6.0 x lo6. 
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Pigure 21.- Stall  diagrams f o r  various combinatione of  leading-edge flaps 
and trailtng-edge flaps on a 47.70 sweptback w i n g  of aspect ratio 5.1. 
R = 6.0 x lo6. 
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Figure 22.- Effects of drooped-nose fl.a,ps on the aerodynamic characteristics 
Qf a 47 .To sweptback wing of aspect  ratio 5 1. R = 6 .O x lo6. 
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Figure 22.- Concluded. 
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Figure 24.- Effects of drooped-noea flaps on the aerodynamic characteristics 
of a 47.7' sweptbsck wing of aspect ra t io  3.1 with O.fjCJJb/2 trailing-edge 
s p l i t  flaps. R = 6.0 x 10 . 6 
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Figure 24.- Concluded. 
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Figure e.- Effects o f  droopd-nose flaps OLI the aerodynamic cbaracteristics 
of a 47.p  sweptback wing o f  aspect ratio 5.1 with 0.618b/2 split flaps 
aeflected. R = 6.0 x 10 . 6 
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Figure 25. - Continued. 
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Figure 26.- Effects of drooped-nose fBDs on the aerodyaamic cbaracteristics 
o f  a 47.7O sweptback wing of aspect  ratio 5.1 with O.Mb/2 t ra i l ing-  
edge double slotted flaps. R = 6.0 x 10 6 . 
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Figure 26.  - Continued. 
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Figure 26.- Concluded. 
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Figure 27.- &Tecta of drooped-nose flaps on the aerodpmic characterlatics 
of a 47.7O meptback wing o f  aspect ratio 5.1 with 0.516b/2 trailing-edge 
double slotted flap. R = 6.0 x 106. 
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Figure 27.- Concluded. 
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Figuxe 28.- mfects of arooped-nose flaps on the aerodynamic characteristics 
o f  a 47.70 eweptback w l n g  o f  aspect mtio 5.1 w i t h  0.626b/2 tralling-edge 
double slotted f l a p s .  R = 6.0 x 10 . 6 
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Figure 23.- Effects of wing  fencea au the aexodparnic cbaracteristice of 
a 4‘1 .To swentback wing of  aspect  ratio 5 .I. R = 6 .O x 10 6 
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Figure 29 .- Concluded. 
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Figure 30.- Effects of wing fences on the aerodynamic characteristics of 
twu 47.70 sweptback wings o f  aspect ratios 5.1 6.0 with  various 
combinations of trailing-edge and leading-edge devices. R = 6.0 X 10 . 6 
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Figure 30.- Concluded. 
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Figure 31.- Effects of wing roughness and Reynolds number on the 
aemdynamlc cbsracteristlcs of a 47.7' meptback wing o f  aspect 
ra t io  5.1 w€th 0.4"b/2 trailing-edge double slotted f laps  and 
0.3m/2 leadlng-edge flaps. R = 6'.0 X 105 
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(b) CL against CD. 
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Figure 32.- Effects of w i n g  roughuesa at vax iou~  locations dong the 
leadlng edge on the emdynamic characteristics of a 47.70 sweptbaclc 
w i n g  o f  aspect ratio 5.1 with 0.61&/2 traUing-edge split flaps and 
0.47?b/2 leadlag-edge f laps .  R = 6 .o x 10 . 6 
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Figure 32.- Cmtinued. 
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Figure 33.- Effects of a fuselage on the aerodynamic  characteristics of 
two 47.7' aweptback wings of a s p &   r a t i o s  5.1 and 6.0 with various 
trailing-edge and leading-edgt dedces. R = 6.0 X 10 . 6 
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Figure 33.- Continued. W W 
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Figure 34.- Variatlm of the maximum life coefficlent with leading-edgm 
f l a p  span for  a 47.70 meptbacls w h g  of aspect ratio 3.1 with varioue 
tmtlhg-edge naps.  R = 6 . 0  x 10 6 . 
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Figure 35 .- Comparison of measured and calculated trailing-edge flap 
effectiveness at zero angle of attack for a 47.70 sweptback wing of 
g s p c t  ratio 5.1. 
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Figure 37.- Effects of trailing-edge f l ap  s p a  on the lift-drag ratio 
of the aspect ratio 5.1 wing with 0.4nb/2 leading-edge  flaps. 
R = 6.0 x 10 6 . Assumed wing loading of 4.0 pounds per square foot .  
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Figure 38 .- Power-off Landing-flare  characteriatica of a &7.7O sweptback 
wing of aspect ratio 5.1 with various  combinations of Leading-edge 
flaps and trailing-edge flaps. R = 6.0 x 106. Assumed wing loading 
of 40 pounds per square foot. 
